A b s t r a c t Objective: The purpose of this proof-of-concept study was to assess the feasibility of using a generic health measure to create coded functional status indicators and compare the characterization of a stroke population using coded functional indicators and using health-related quality-of-life summary measures alone.
Electronic health records (EHRs) are increasingly being deployed in clinical settings. This technology provides the capacity to capture clinical information about individuals at their point of contact with the health care system and to make this information available across the continuum of care.
1,2 A very advantageous feature of EHRs is the ability to supply data for clinical, population, and health services research. 3 EHRs provide a mechanism for capturing patient-reported outcomes in a standardized format [4] [5] [6] [7] through diseasespecific or generic health measures that are increasingly important across the spectrum of health research.
The choice of health measure to include in an EHR is likely to be dictated by response burden and simplicity of data capture. Existing health-related quality-of-life (HRQL) measures are attractive for use in EHRs because they capture the key components of physical, emotional, and psychological health parsimoniously. 8, 9 Such measures have undergone considerable testing and have been shown to reflect the individual's perspective on health 10 meaningfully and reliably. However, HRQL measures all have a common disadvantage: their summary scores are not readily interpretable. Accurate interpretation requires reference to normative tables and complex weighting algorithms that trade off health advantages in some domains against liabilities in other domains. One advantage of integrating an HRQL measure into an EHR is that the summary scores may be calculated automatically and are available to enrich research programs. The specific problems faced by the individuals, however, are not discernible in the summary score and, thus, not easily flagged for intervention or special services. If coded in a standard way, item-level HRQL information would be even more valuable than the summary scores as indicators of the specific problems faced by the individual. 11 Standard coding of functional status and quality-of-life data in EHRs could also address gaps in the data available in administrative databases and large surveys for use in population and health services research. 3, 12, 13 The World Health Organization's (WHO) International Classification of Diseases (ICD-9 or -10) 14 or one of its modifications 15 is the coding system used almost universally in administrative databases to code diseases, disorders, and injuries.
The International Classification of Functioning, Disability, and Health (ICF), 16 developed by the WHO over the past two decades to classify the consequences of disease, complements the ICD. The current ICF lists 1,424 categories referring to body functions (b) and structure (s), activities and participation (d), and environmental factors (e). In previous editions, the terms impairment, disability, and handicap were used to classify the consequences of disease. More recently, this negative terminology has been replaced with the more positive terms of body structure and function, activity and participation, with the corresponding negative terms being impairment, activity limitation, and participation restriction. The expression ''consequences of disease'' has been replaced with ''components of health.'' All negative components of health are collectively termed disability, and all positive components are collectively termed functioning. In many scientific contexts, these terms are used interchangeably without consideration that they define different concepts. A body structure/function refers to the anatomical/physiological component of a body (e.g., oral pharynx/voice), an activity is the execution of a task (e.g., walking), and participation refers to the involvement of an individual in life situations (e.g., working). ICF also permits the discrimination between the capacity for an activity and the actual performance of it in daily life. In other words, an individual may have the capacity to walk a short distance but does not actually perform walking because it is easier to use a wheelchair. Additionally, impairment, capacity, or performance can be further qualified according to the degree of severity.
As with the ICD system, the ICF system could conceivably be incorporated into administrative databases providing key information for policy makers and researchers about the activity limitations and participation restrictions that translate directly into need for services. If provided in a standard way, information on these functional limitations across populations would be very helpful for planning rehabilitation, home care, and long-term care resources as well as explaining outcomes associated with health care services or interventions. 17 The ICF has the potential to provide standard coding for the various items on the different measures commonly used in the health field that would permit the characterization of the specific functional problems of individuals. [17] [18] [19] A coded problem list could be produced independent of which of the many possible measures were used. The codes could then be transmitted to the agencies responsible for maintaining the health databases and incorporated into these populationbased resources. Efforts to code existing measures of functional limitation with the ICF are just beginning. Codes have been reported for the Western Ontario and McMaster Universities osteoarthritis measure, 20 the New York Heart Association Functional Class, 17 and the Karnofsky Performance Status. 17 Cieza et al. 21 have provided ICF codes for six HRQL measures, including the 36-Item Short Form Health Survey (SF-36). In spite of growing interest in pursuing coding activities, the practical advantage of moving from a standardized outcome measure to a standard coding system has not yet been demonstrated.
This study is a proof of concept that used the ICF to encode answers to the individual questions in the 12-Item Short Form Health Survey (SF-12) HRQL measure. The purpose of this study was to assess the feasibility of using the individual items in a generic health measure to create coded functional status indicators and to compare the characterization of the disability of a stroke population using these coded functional indicators and using HRQL summary measures alone.
Methods
Data were obtained from patients enrolled in the Montreal Stroke Cohort Study that was set up to examine the long-term impact of stroke. 22 Interviews were conducted with community-dwelling persons with stroke (n = 604) and age-and gender-matched individuals without stroke (n = 488). Persons with a first ever, ischemic, or hemorrhagic stroke were identified from ten acute care hospitals in the Montreal area using an inception cohort approach. Those who were discharged back to the community, either directly or via rehabilitation, were interviewed over the telephone with a battery of tests covering activity participation and HRQL. For persons who could not respond for themselves, caregivers provided information about functional status, but proxies were not used for the HRQL measures. There were no exclusions based on age or language. Randomly generated samples of computerized telephone listings were used to assemble the peer control group. The same battery of tests was administered to the control cohort. Basic demographic information was also obtained. The results at six months post-stroke have been described in a previous report. 22 This paper presents information from the first interview for persons with stroke conducted around the time of reentry into the community and from the controls. The time frame for the first interview varied from 2 weeks to 3 months post-stroke. Because this is a proof-of-concept study, the timing of the interview is not relevant.
The participants in this study were interviewed using the Measuring Outcomes Study SF-36. 23 Because the response burden of this measure might be beyond the threshold for inclusion on a generic EHR, we used only the answers to the SF-12 24 subset of the SF-36 in this study. The SF-12 provides two summary scores, one for physical health, called the Physical Component Summary, and one for mental health, called the Mental Component Summary.
The SF-12 24 is a valid and reliable measure of health status reflecting the values and preferences for health from the person's perspective. It correlates very highly with the SF-36 (>0.95), the well-known longer version, 23 and the validity of the SF-36 has been extensively established against other measures of health status. 23, 25 The test-retest reliability of the two summary measures, Physical and Mental Health, has been reported to range from 0.76 to 0.89. 24 Reliability coefficients indicate how much variability in a score is due to true variation in the trait and how much is due to chance or random error. For valid group comparisons, reliability needs to exceed 0.70. 26 For this study, the measurement issue is the extent to which self-report reflects the individual's actual capacity for those traits that can be directly observed, like climbing stairs or doing housework. It is not possible to measure pain or psychological distress by methods other than self-report. There is evidence of good correlation between patient reports of functional limitations and ratings based on direct observation by a rehabilitation professional (90% agreement) [27] [28] [29] ; however, when there were disagreements, it was because the individuals reported better function than what was actually observed. This overestimation of ability was greater among persons with moderate to severe functional limitations. 27 So, if anything, any reported limitation is more likely to be more rather than less severe when directly measured.
Eight rehabilitation professionals independently assigned the 12 items of the SF-12 to alphanumeric ICF codes. Codes are preceded by the letters b signifying impairments of body function, s signifying impairments of body structure, and d signifying activities and participation. Each letter is followed by either a three-or four-digit code representing the level of granularity captured. For example, walking is a three-digit code (d450) and walking short distances is a four-digit code (d4500). As many as two decimal places are used for severity qualifiers that include none, mild, moderate, severe, complete, or not specified. The first decimal place of a ''b'' code qualifies the extent of the impairment and in the case of a ''d'' code, the level of performance.
Raters were instructed to identify all codes that would fit the SF-12 item and indicate the severity qualifier that best fit the response options of the SF-12. Subsequently, the two senior raters reviewed the pool of selected codes and came to a consensus as to the code that best reflected the meaning of the SF-12 item. Wherever possible, a four-digit code was chosen over a three-digit code to be as specific as possible about the functional limitation. If more than one four-digit code applied, then the code having a 9 (''unspecified'') as the fourth digit before the decimal was chosen.
Statistical Methods
Means for the Physical Component Summary and Mental Component Summary were calculated and contrasts across gender, age, and income were made using multiple linear regression. The distribution on functional limitations as coded by the ICF classification was compared separately for persons with stroke and controls across age, gender, and income using logistic regression for multiple ordinal categories. 30 This analysis provides a proportional odds ratio and a test of homogeneity across cut points. Persons with stroke and controls were also compared on SF-12 subscales using multiple linear regression and on ICF coded functional limitations using categorical logistic regression. For the latter analysis, when the score test indicated significant heterogeneity, analyses focused on contrasting the most severe categorization of functional limitation and binary logistic regression was used. To facilitate logistic models, the contrast variables age and income were categorized as follows: age, younger than 55/55 to 64/65 to 80/older than 80 years; income, less than $10,000/$10,000 to $19,000/$20,000 to $29,000/$30,000 to $39,000/$40,000 to $49,000/more than $50,000. An a level of 0.05 indicated statistical significance. Table 1 shows the ICF codes identified for each SF-12 item by the consensus raters, by all raters in this study, and by another ICF team in Germany. 21 The only item of the SF-12 that was not definable using the ICF framework was item 1 (evaluating own health). Item 2 had two possible codes, one for activities related to recreation and leisure and one for housework. For the purposes of illustrating the additional information gained by coding the specific items, we chose to use the code d640, for housework, because this is an important limitation for service planning in the community. It is also likely that people who cannot do housework cannot do moderately demanding recreational activities either.
Results
The four items referring to work were the most challenging to code (items 4, 5, 6, 7). The SF-12 items qualify the limitation in working according to amount of time, quality, cause, and impact on physical or emotional health. The ICF is more concerned with the type of limitation that a person would have in carrying out work and thus the codes are highly specific. The code that fit the best and where there was the greatest degree of agreement for each of the four items was d859, ''work and employment, other specified and unspecified.'' This code was also one chosen by the German ICF group.
21 Table 2 gives the ICF codes along with the severity qualifiers chosen by the eight raters. Note that work is dichotomized; therefore, no severity code can be applied. There was very little disagreement on severity ratings; seven or eight of eight raters agreed on each rating.
Available for analysis were data from 604 persons with stroke and 488 controls. As illustrated in Table 3 , the average age of the persons with stroke was 69 years and of the controls 62 years.
The following tables and figures contrast the information obtained from analyses of the two SF-12 summary scores, Physical Health (PCS) and Mental Health (MCS), with that obtained when analyses were carried out according to specific functional limitation, with the associated severity rating coded using the ICF. Because ICF is concerned with disability in terms of impairments, limitations, and restrictions, here globally termed functional limitations, it is more desirable to have a lower level of functional limitation. Higher numbers are preferable for the SF-12 summary scores.
Analyses on SF-12 Summary Scores Table 4 shows the mean PCS and MCS summary scores across gender, age, and income categories for persons with stroke and controls. Also given are the regression coefficients that provide an estimate of the difference between two means adjusted for the other variables. For persons with stroke, there was a statistically significant difference between men and women on mental health with women scoring on average 2.72 points below men. For controls, women scored lower than men on both physical and mental health. For controls, there was also a statistically significant difference in physical health for persons older than the age of 80 years compared with persons younger than 80. For persons with stroke, age did not have an effect on physical or mental health. Other significant differences were observed for income, with more wealthy individuals reporting better health status.
Analyses by ICF: Gender Table 5 contrasts men and women on functional limitations as coded through the ICF. The table presents the proportion of men and women reporting a functional limitation along with the odds ratio (OR) and 95% confidence interval (CI). An OR greater than 1 indicates that women were more likely than men to report a functional limitation; a 95% CI that excludes 1 indicates statistical significance. All ORs are adjusted for age and income. There were common gender differences between stroke and controls for climbing stairs, psychic stability, and optimism, with women consistently reporting significantly higher rates of functional limitations than men in both stroke and control groups. For persons with stroke, there were additional gender differences in housework and energy limitations. In neither the stroke group nor the controls did gender have an impact on pain or socializing.
Analyses by ICF: Age
Analyses revealed that only persons older than 80 years of age experienced a greater degree of functional limitation than younger persons, and these contrasts are presented in Table 6 . The proportion of persons with stroke between 55 and 80 years of age with any functional limitation in the area of housework was 55%; the proportion with a severe limitation was 28%. For older persons with stroke, these proportions (any and severe) were 43% and 30%, respectively. For controls, the proportions reporting housework limitations were 16% for younger persons and 48% for persons older than 80 years of age; severe limitations were rarer: 5% and 15%, respectively, for these two age groupings. The impact of age on housework limitations and on climbing stairs was very strong among controls (OR 4.16; 95% CI = 2.03-8.51 and OR 4.11; 95% CI = 2.05-8.24, respectively). Among persons with stroke, the only limitation for which age was a factor was climbing stairs.
Analyses by ICF: Income Figure 1 presents the distribution of the functional limitations by three categories of income: ,$19,000, $20,000 to $39,000, and more than $40,000. Table 7 presents the results of the ordinal regression models. For persons with stroke, there were many areas in which persons with higher incomes were advantaged (lower risk of reporting a functional limitation; OR 1.0). Only in the area of housework was there an advantage even with moderate income. For controls, higher income was also an advantage in many areas of functioning. Analyses by Stroke or Control Table 8 provides estimates of the extent to which persons with stroke reported greater functional limitations or lower health status than controls after adjustment for age, gender, and income. Pain was least affected by stroke and work was most affected. There was also an important effect of stroke on energy level, stair climbing, and housework. Using the SF-12 component scores, persons with stroke scored an estimated 10 points lower for physical health and 8.6 points lower on mental health than controls.
Discussion
The SF-12 component summary scores indicated that persons with stroke scored, on average, approximately 10 points lower than controls on physical and mental health. The ICF coding indicated that this was attributed, not surprisingly, to greater difficulty in doing moderate activities like housework, climbing stairs, and working and less to differences in pain. Differences in mental health were attributed most strongly to greater fatigue (impairment in energy), but all areas of mental health were affected to some degree. At this crude level, comparing persons with stroke with members of the general population, the SF-12 and the ICF coding provided largely the same information except that the ICF codes would be more suitable for inclusion in an administrative database.
In in-depth analyses, the advantage of the ICF coding emerges. Using the SF-12, there were no differences between men and women on physical health, yet the ICF coding revealed that women reported more problems with moderate activities like housework. This may be a true difference because of the greater physical problems that women may have or a difference in reporting of problems. For controls, physical health differences between women and men were not related to differences in ability to do moderate activities like housework but from differences in stair climbing and work. For mental health, the SF-12 and the ICF recoding yielded the same degree of information: women scored lower than men in all areas.
The SF-12 analyses for persons with stroke showed that age had no impact, but the ICF analysis identified that older persons with stroke had greater difficulty climbing stairs than younger persons. This could have important ramifications for service provision and for independent living. Older controls had more difficulty than younger in both physical and mental health, and the ICF analysis did not provide any additional information. With respect to income, wealthier persons with stroke reported better health than persons with lower incomes, and, according to the ICF codes, this was because of less difficulty with moderate activities like housework and stair climbing. This may reflect the ability of wealthier persons to have more conveniences or help in the home to assist in these areas. Interestingly, for persons with stroke, there was no effect of income on the SF-12 summary measure MCS, but the ICF analysis indicated that there were significant differences in all the specific mental functions. The additional information provided by the ICF coding would be helpful in flagging lower income persons for closer surveillance of mental health problems and may explain differences in outcomes not explained by stroke-related impairments.
With the advent of electronic health records, the items on the SF-12 (and on other measures) might be captured as a byproduct of individual health care and then automatically translated into ICF codes that could be exported to administrative databases. The main barrier to adding functional status indicators to administrative databases is the data collection burden. If data collection can occur during individual health care encounters, inclusion of functional status data in administrative databases may be feasible. As part of the process to test the ICF, the Canadian Institute for Health Information 31 consulted with physiotherapists. Most did not perceive a great need for the ICF in physiotherapy and noted a medium to high level of difficulty in using it. The combination of lack of perceived utility and relative difficulty of use is likely to discourage use of the ICF as part of daily charting practices in physiotherapy, particularly in addition to the standardized outcome measures that are already used.
Routine use of outcome measures is the cornerstone of evidence-based care. Many of these outcome measures have had decades of research, both conceptual and empirical, and millions of dollars have been invested in their development, validation, and refinement. These outcome measures have been developed for evaluative purposes 32 and have been shown to be responsive and sensitive to change. The deployment of an EHR could simultaneously shift and reduce the burden of coding items from existing measures.
The work presented here illustrates how a coding system can be used to translate information from a standard outcome measure into functional indicators. The observation that there was some variability in the codes chosen by the different raters does not invalidate the findings. It is often the case in examining administrative databases for diagnostic codes that several are listed. The researcher or administrative organization using the codes invokes their own rules for identifying which codes are used to select people with various diagnoses, etc. Thus, having more codes would be preferable to having fewer.
This study used the SF-12 to illustrate the feasibility of using a standard outcome measure to create a coded list of functional status indicators. In reality, it is more likely that development of EHRs will proceed with disease-specific add-ons, in which case, outcomes specific for each condition are likely to be included. This would avoid some of the problems with having one SF-12 item referring to several activities (e.g., doing moderate activities such as moving a table, pushing a vacuum cleaner, bowling, playing golf). There is no way of knowing, except through individual cognitive debriefing, to which activity the person was referring when responding, although these activities are all quite similar with respect to the body structures and functions required (i.e., all require upper and lower limb strength, mobility, and endurance). Except for work, all functional limitations are classified polychotomous ordinal, and, therefore, ORs are cumulative across all possible cutpoints. ORs are adjusted for gender and income categories (less than $10,000/$10,000 to $19,000/$20,000 to $29,000/$30,000 to $39,000/$40,000 to $49,000/more than $50,000). Functional limitations are reported for persons between 55 and 80 years of age and for persons older than 80. ORs greater than 1.0 indicate that persons older than 80 years report more functional limitations than younger persons; 95% CIs that exclude 1.0 indicate statistical significance. CI = confidence interval; OR = odds ratio.
Cognitive Aspects of Survey Methodology (CASM) is a framework used for understanding the cognitive processes that respondents deploy in reading, comprehending, and interpreting questions and in formulating and providing answers. The CASM model suggests that there are four stages in the response process: comprehension, retrieval, judgment, and response. 33, 34 For subjects who have difficulty with any of these stages, there is likely to be greater discordance between verbal reports and performance-based assessments. This is likely the explanation for the finding of Korner-Bitensly and Wood-Dauphinne 27 that 10% of persons, on follow-up after discharge from inpatient rehabilitation, overestimated their functional capacity. For persons with stroke, the SF-12 would not be the first choice for a measure of function. To be comprehensive, measures of basic and instrumental activities of daily living, emotion, pain, and participation would need to be included. However, the advantage of the SF-12 is that it captures indicators of health applicable to all.
A limitation of the SF-12 is that it does not capture the full spectrum of functional limitations that are consequences of many conditions or accidents. In designing an EHR for use with health applicable to all, it is widely known and validated and is short. Therefore, it provides sufficient detail to illustrate the principle of generating a coded list of functional status indicators from a standard outcome measure. Future work is ongoing by us and by the German ICF research group 20, 21 to validate ICF core sets for various conditions, F i g u r e 1. Proportion of persons with stroke reporting any or any severe functional limitation according to three income categories. Less than $19,000 (white columns), $20,000 to $39,000 (hatched columns), and more than $40,000 (dark gray columns).
which will contribute additional evidence of validity and reliability of functional status indicators.
The response categories of the SF-12 refer to the degree of limitation or restriction, whereas the ICF uses severity indicators to qualify function. The terms mild, moderate, severe, and complete may mean different things to different people in different environmental contexts, which is a limitation of the ICF for use in health services planning and resource allocation. Our research team is in the process of developing behavioral and verifiable indicators that represent the severity of different activity limitations and participation restrictions.
During the process of developing a preference-based stroke index (PBSI), 35 we developed statements to represent ranked categories to describe limitation or restriction in ten domains important for the stroke population: walking, stair climbing, physically demanding activities, quiet recreational activities, work or usual activities, driving a car, memory, speech, coping, and self-esteem. For example, for the walking limitation domain of the PBSI, the three response options could be modified to obtain severity ratings suitable for coding: (1) I am able to walk in the community because I need to (none or mild depending on whether there was a walking problem indicated elsewhere); (2) I am able to walk inside the house, but I have difficulty walking alone outside (moderate); (3) I am able to walk only a few steps (severe) or I use a wheelchair (complete). For the PBSI item for limitation in stair climbing, the three severity ratings are as follows: (1) I can go up and down several flights of stairs (none if no walking limitation or mild if there is); (2) I can go up and down only a few steps (moderate); and (3) I cannot go up and down stairs (complete). Thus, future work will develop coding algorithms for other functional status measures and descriptive statements to be used to assign a code for severity.
Essentially, at this level, we have illustrated that the SF-12 and ICF capture the same constructs, providing evidence of face or content validity. Future work is planned to criterionvalidate the coded list of functional status indicators generated from the SF-12 and other measures and to have each person's generated list rated directly validated by the patient him-or herself and by a therapist. Severity ratings and further validation are important next steps that will follow this proofof-concept study.
One interpretation of the results presented here is that itemlevel data from the SF-12 tells more about function than do the global summary scores for physical and mental health. Although this seems obvious, the items themselves provide no usable information unless there is a mechanism to communicate the ratings about the functional status of an individual to (1) people responsible for treatment and (2) organizations responsible for resource management. The mechanism is a list of functional status indicators coded to be compatible with administrative data. This study demonstrates the feasibility of creating a coded list of functional status indicators from standardized questionnaires and that the information so obtained can be more informative than the usual method of reporting a standard outcome measure.
Conclusion
It was possible to translate most of the HRQL information contained in the SF-12 into ICF codes. The ICF coding ORs are estimated from logistic regression for multiple ordinal categories (except for work, which is dichotomous); b and associated SE are estimated from linear regression. b/SE is equivalent to a t-test. All models include the adjustment factors of age category (younger than 55/55 to 64/65 to 80/older than 80 years), gender, and income category (less than $10,000/$10,000 to $19,000/$20,000 to $29,000/ $30,000 to $39,000/$40,000 to $49,000/more than $50,000). ORs greater than 1.0 indicate that people with stroke are more likely than controls to report functional limitations (reworded for ease of interpretation because all the ORs were greater than 1.0; 95% CIs that exclude 1.0 indicate statistical significance. b coefficients are interpreted as the difference between persons with stroke and controls on physical and mental health, taking into account age, gender, and income.
*Statistically significant p , 0.05.
provided enhanced information about specific functional limitations experienced by persons with stroke, information that may assist with provision of services for persons with stroke and help to explain health discrepancies. The format of the ICF is more compatible with the structure of administrative health databases and would enrich these databases by providing important information on functional indicators that are known to contribute to service use and explain health outcomes. If the routine use of standard health measure questionnaires can be integrated into EHRs, then EHR systems may become a viable source of functional status information for the administrative databases used in population and health services research.
